With the substantial increase in food grain production, much of the emphasis has been put for enhanced grain quality traits. Most of the grain qualities traits are polygenic in nature. Identification of QTLs and markers linked to these QTLs can substantially enhance the selection efficiency. In this study, an effort has been made to identify QTLs for these traits. For this purpose two mapping population, RIL Safri17 x Kranti and DH population CT-993-5-10-1-M and IR 62266-42-6-2 were used and evaluated under field conditions. DNA from 112 lines of RIL was extracted, quantified and diluted to the appropriate concentration for PCR-based amplification. Fifty markers were used for detecting parental polymorphism. Five markers exhibiting polymorphism were further used for developing marker profile on the complete set of RIL. This data along with genotyping data for this population was used for QTLs analysis using single marker 't' test. RM 110, RM 202 and RM 212 were associated with grain length, RM 84 and RM 539 was associated with grain width, and RM 163, RM 202, RM 247 and RM 80 were associated to be L/B ratio. For DH population MAPMAKER/ QTL 1.1 was used for interval mapping and to estimate the percentage of total phenotypic variation. A threshold of LOD> 2.4 was used per test to claim the presence of QTL. A total of 8 QTLs were detected for grain width and grain L/B ratio. For grain width 3 QTLs detected on chromosome number 2, 3, 6 which shows 11 percent phenotyping variation. For L/B ratio 5 QTLs were detected, which were present on chromosome 2 3, 6 having 9 to 12.5 percent phenotypic variation. For grain length no QTLS detected.
Rice is the most important food crop for nearly half of the world's population depended on for energy on it (Sellamuthu et al., 2011) . Rice is a one of the most nutritious cereal crop, which used mainly for human consumption. It is the main source of energy and is an important source of carbohydrate, protein, minerals providing substantial amounts of the recommended nutrient intake. Rice protein is biologically the richest by virtue of its high true digestibility (88%) among cereal proteins and also provides minerals and fiber. Calories from rice are particularly important for the poor accounting for 50-80% of the daily caloric intake. Rice can also be used in cereals, snakes, beverages, oil (rice bran oil), syrup, medicinal and religious ceremonies. In 2013, rice was cultivated in 124 countries, with the corresponding worldwide production of 745 million tons (FAOSTAT). It is one of the most versatile crops cultivated worldwide as it is grown under a wide range of agro-climatic conditions ranging from irrigated, rainfed lowland, rainfed upland and flooding ecosystems. It is estimated that rice production must increase by at least 40 percent during the next 25 years to meet ever increasing demands. This calls for the development of rice varieties with higher yield potential, tolerance to biotic and abiotic stresses and superior grain quality. In the evolution of rice and genetic differentiation into a distinct varietal group, consumer quality preference has played a significant role besides, agro-ecological factors. Among the various quality traits, grain length, grain width, and L/B ratio are important among the consumers. For simply inherited traits controlled by single genes with major effects, the selection can be made by traditional breeding methods. However, plant breeders are often confronted with problems when trying to improve a trait that is controlled by many genes through traditional breeding methods. In rice breeding, most agronomic and grain quality traits are controlled by many genes each of which has a relatively small effect on the overall phenotype.
Quantitative traits are difficult to study because the phenotypes do not give an insight into the genotype. The expression of genes controlling quantitative traits can be greatly influenced by the environment (Lynch and Walsh, 1998) . Consequently, the improvement of polygenic traits by traditional breeding methods is time-consuming and the gains are harder to realize. Because of the intractable problem encountered while trying to improve quantitative traits by conventional means, breeders and geneticists have considered the potential use of DNA markers to identify chromosomal region harboring genes that influence the quantitative traits. Although the principles of QTL analysis were first outlined and successfully applied in the early 1920s to map a QTL for seed size in bean tightly linked to a gene controlling seed pigmentation (Sax, 1923) , a wide-scale application of QTL analysis was not possible at that time due to the paucity of genetic markers available. The systematic identification and characterization of QTLs were finally made possible more than 50 years later, following the introduction of the first class of molecular markers (restriction fragment length polymorphisms, RFLPs) suitable for an adequately detailed genome-wide survey (Botstein et al., 1980) . The time-consuming process of map construction was considerably shortened with the introduction of PCR-based microsatellite (SSR, simple sequence repeat) markers, particularly suited for mapping purposes due to their high level of polymorphism (Taramino and Tingey, 1996) . In principle, once QTLs have been identified, introgression of the favorable alleles and their pyramiding into elite germplasm (e.g. parental lines, population, etc.) becomes possible through marker-assisted selection (MAS) (Ribaut and Hoisington 1998; Stuber 1999; Young 1999) .
Considering these facts a recombinant inbred line (RIL) population between Safri-17 x Kranti and DH population between CT9993-5-10-M X IR62266-42-6-2was used in the present investigation. This population exhibit segregation for a number of grain quality including length, width, and L/B ratio. Since the identification of QTL requires the genotypic data of molecular markers thus an attempt was made in the present investigation to develop microsatellite marker data on the RILs population and identification of QTLs for grain quality including length, width, and L/B ratio.
MATERIAL AND METHODS

Planting Materials and Field Experiments
The two populations (144 lines of DH and 112 lines of RIL) were planted in the field for recording observation during the wet season. The seeds were sown in nursery and transplanting was done in the month of August. The plant to plant and row to row spacing was at 20 cm. Each line was sown in a single row of 3 m, with 2 replications. The same material was sown under two situations well watered and water stress conditions. However, water stress could not be imposed due to continuous rain. Normal package of practice was followed and all care was taken to raise a good crop. After harvesting following observations were recorded, measured the grain length of 20 samples (in millimetrr), grain width of 20 samples (in millimeter) from the rice grain. L/B ratio measured by calculating grain length to grain width ratio.
Genotypic data
For developing the genotypic data based on SSR markers, the Safri-17 x Kranti population was used. DNA was extracted by CTAB miniprep methods. 7 ml of DNA sample from stock was diluted with 35 ml of double distilled water, 10 ml of this diluted DNA was loaded on 0.9 percent agarose gel and electrophoresis was done for about 2 hours at the constant current of 50 volts. The gel was observed on UV-transilluminator and picture was recorded on a gel documentation system. 5 ml of DNA from stock was diluted up to 20 times using 95 ml of double distilled water (nanopore).The diluted DNA was subsequently used for PCR amplification. PCR reactions were performed in the total volume of 20 ml reaction volume containing PCR buffer 1X with 1.5 mM MgCl 2, 0.1mM dNTPs, 0.125 mM of each primer, 3U Taq polymerase and 40 çg of genomic DNA as a template. After an initial denaturing step of 4 min at 94°C, 35 cycles were performed for 1 minute at 94°C, 55-60°C (depending on Tm value specific primers) for 1 minute and 72°C for 2 minutes, with a final extension at 72°C for 5 min.
The primer exhibiting polymorphism on parents was further used for PCR amplification on all the 112 recombinant inbred lines. Genotypic data were generated with a set of 5 polymorphic primers. The primer used for this purpose is listed in Table 3 . PCR amplified SSR product was (mixed with 10x loading dye and loaded on 5 per cent horizontal polyacrylamide gel (Kotasthane personal communication) prepared in 1x TBE buffer along with 1Kb plus ladder. Electrophoresis was done for 2 hours at 250 volts. Gels were visualized on UV transilluminator and photographed by using BIO-RAD gel documentation system. Scoring of SSR banding pattern in population was code A for the female parent, B for male parent and H for both male and female band (heterozygote).
Statistical analysis
The field data recorded for two traits viz. Grain Length, Grain width, and L/B ratio were analyzed using ANOVA. For QTL analysis in DH population, MAPMAKER / QTL 1.1 was used for interval mapping (Locating the marker between flanking molecular marker by maximum likelihood estimation) (Lander et al., 1987) and to estimate the percentage of the total phenotypic variance explained by each QTL. A threshold of LOD > 2.4 was used per test to claim the presence of a QTL. For single marker analysis, 't' test was used for association of markers with QTLs.
RESULTS AND DISCUSSION
In the present study RIL population along with DH population was evaluated under the field condition. This population segregates for a number of quantitative and qualitative traits including grain characteristics. Simultaneously an effort was made to develop genotypic data of the RIL population based on microsatellite marker. The genotypic data is used for identifying the association of this marker with the traits of interest and to compare the results of this study with another.
Analysis of variance
Both the population i.e. 112 RIL and 144 DH population were evaluated under field conditions during wet season 2003. The genotypes were planted in the completely randomized block design with two replication. The observation was recorded on 20 seeds/plant for three quantitative traits on randomly selected 5 plants. The analysis of variance revealed that in both the populations all of the traits showed significant variance. This indicates that genotype differed from each other for all the traits under study table 1. These results were expected as parents of both the population differ from most of the grain quality traits.
Nature of inheritance
The progeny of crosses between parent differing in quantitative traits typically exhibits phenotypes ranging between those of the parents. The nature of the progeny distribution is determined jointly by the number of genes which account for the difference between the parents, together with the effects of non-genetic factors, such as microenvironmental differences and measurement error. Classical polygenic traits influenced by the virtually infinite number of genes, each with tiny effect exhibits a typical normal distribution. The almost normal distribution indicates that the traits under consideration i.e. grain length; grain width and L/B ratio are typically polygenetic in nature. Table 2 shows the average length, width, and L/B ratio value for the both the parents and RILs and DH population. Safri-17, the female parent in RIL population had longer grain while Kranti falls under the category of short grain. The average grain length for 112 RIL lines was 8.5 mm; standard deviation was, 0.4 mm with a range of 5. 7 mm. The maximum grain length observed was 10 mm while the minimum was 4.3 mm. These higher and lower values in the segregating population compared to parents indicated transgressive segregation in both the direction. The average grain width for all 112 lines was 2.8 mm; standard deviation was 0.21 mm, with the range of 1.1 mm. The maximum grain width recorded was 3.4 mm while the minimum grain width was 2.3 mm. For this trait also transgressive segregation was observed. The average grain L/B ratio for all 112 lines was 3.00 standard deviation was 0.2. The maximum L/B ratio was 3.89 while the minimum was 2.45. The transgressive segregation observed indicate the distribution of genes in parents for these traits. In the DH population between CT9993 and IR 62266, female parent is a japonica type with shorts and bold grain while IR 62266 is an indicia type and has relatively long and slender grain. The average grain length (GL) of DH population was 8.71 mm; standard deviation was, 0.46 mm with a range of 2.30 mm. The maximum GL observed was 9.90 mm while the minimum was 7.60 mm.
The average grain width for all 144 lines was 2.26 mm standard deviation was 0.15 mm, with the range 0.70 mm. The maximum grain width recorded 2.70 mm while the minimum grain width was 2.00 mm. For this trait also transgressive segregation was observed. The average grain L/B ratio for all lines was 3.86, the standard deviation was 0.34 mm. The maximum L/B ratio was 4.71 while the minimum was 3.08. For all the traits studied, all of them exhibited transgressive segregation. The transgressive segregation observed indicate the distribution of genes in parents for these traits, and provide an excellent opportunity for selection. The nature of inheritance was studied for three characters in both the DH and RIL populations. The distribution of individual lines for each character was graphically plotted to assess the symmetry and continuity of distribution in fig 1. Segregation of metric characters, as a rule, exhibits the symmetry and the continuity appropriate to a normal distribution (Tripathy et al., 2000) .
The segregation pattern of all the character followed near normal distribution. Such characters which exhibit normal distribution are usually under the control of numerous polygenes, while individual's effect is small and cumulate adaptively and the expression is profoundly influenced by the environment. This was as per our expectations as the characters chosen for the study are known to be quantitative in nature (Yano et al. 1997 ). Thus, the population cannot be classified into discrete (Haque et al., 1981; Cheema, 1988) .
SSR Assay
The PCR protocol for SSR was standardized using various concentrations of primers, template DNA, and Taq polymerase along with annealing temperature. Initially, SSR assay produced multiple bands, which later optimized to produce single band however still some primer produced multiple bands.
Once the PCR protocol for SSR assay was standardized, it was used for all subsequent studies. The DNA of all the 112 lines were subjected to PCR-based simple sequence repeat (SSR) technique to generate genotypic data using rice microsatellites (RM) primers.
SSR-based population analysis
The differences in the amplified fragment were good enough to be resolved by 5 per cent Most of the genotypic data only one band either marker like Safri or Kranti was obtained. The SSR markers are co-dominant, which indicated that all most all are homozygous. Few heterozygous were also observed which are higher than expected as per the predicted value of homozygous for F 8 population (Allard, 1960) . The SSR marker-based genetic linkage map developed by McCouch et al. (2001) was used to assign the location of marker used in this study.
QTL analysis
For QTL analysis both the population viz. DH population and RIL population were evaluated in the field for grain quality traits. The genotypic data of 315 markers is already available for DH population, this data set was used for QTL analysis using interval mapping. While the single marker analysis (t-test) was done for QTL analysis in Safri-17 x Kranti RIL population.
MAPMAKER/QTL 1.1 was used for QTLs analysis of grain length, grain width and L/B ratio. The mean data of both the replication were subjected to analysis. A threshold level of LOD > 2.4 was used to claim the presence of QTL. The relative position and length of QTL are presented in fig 3 and the amount of phenotypic variation explained by each QTL is presented in Table 3 .
For grain length with the threshold of >2.4 LOD, this character no scorable QTLs was identified. For grain width 3 QTLs were identified. One QTLs with LOD score 3.57 was detected between marker RG 437 & ME 10_18 on chromosome #2 and this explained 11.2 percent phenotypic variation. Another QTL was in between EM19-11-RZ682 on chromosomes #3, which explained 8 percent phenotypic variation. One QTL between EM14_9 -RZ682 with LOD score 3.09 was detected which explained 11.0 percent phenotypic variation on chromosome #6.
Five QTLs were identified for grain L/B ratio, two each on chromosome #2 and 3, while one on chromosome #6. Two QTLS with LOD score 3.10 and 2.75 were detected between marker RG 437 to ME 10_18 and EM 18-13 to TGMSP2 and these explained 9.9 per cent and 10.5 per cent phenotypic variation respectively on chromosome #2. Two QTLs with LOD score 2.96 explaining 9.0 per cent and 9.9 per cent phenotypic variation were identified between RG 10 to EM 11-9 and EM 19-1 to RZ 474 on chromosome #3. One QTLs with LOD score 3.49 was detected between EM 149 to RZ 682 on chromosome #6 and this explained maximum of all the QTLs identified, 12.5 per cent phenotypic variation. Tan et al. (2000) identified one QTL for grain length on chromosome # 3 and one QTL on chromosome #5 for grain width using recombinant inbred (RI) population derived from indicia/indicia hybrid rice. Rendona and Mackill (1998) also found one QTL on chromosome #3 for grain length and one QTL on chromosome #4 for width in rice using F 2 population derived from tropical Japonica /indicia cross. Dong et al. (2002) identified 3 QTLs controlling grain length on chromosome # 2, 3 and 10 using 67 recombinant inbred lines and their parents; Asominori and IR-24. In this study for grain L/B ratio, 5 QTLs were identified on chromosome # 2, 3 and 6. From these results, it is apparent that some regions of chromosome 3 and 6 also associated with grain width, which to some degree could explain the fact that shape of rice grains basically coincided with that width of rice grain. Grain traits are known to be associated not only with grain size but also with several aspects of grain quality (Mckenzie and Rutger 1983) .
QTL analysis by using recombinant inbred line (RIL) population
In RIL population, single marker analysis was used to estimate the association between marker and trait. For the single marker analysis, 't' test was followed to find out the significant association between trait and marker. This set of data along with the data generated for another marker in the same population is used for QTL analysis. Among the various methods, single marker't' test was used in the present study. The results of t-test are present in Table 4 Further research aimed at fine mapping and cloning these agriculturally important QTLs will accelerate the effort to improve the resolution and accuracy of marker-assisted plant improved as well as provide insight into the molecular mechanisms that govern critical aspects of crop performance.
